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(54) [Title of the invention] 

A method of polishing bonded wafers. 

(57) Abstract 
[Purpose) 

To improve polishing accuracy concerning the thickness of a SOI wafer layer that is an 
element forming layer in the production process of SOI semiconductor substrates with 
bonded wafers. 

1 Roberts EXHIBIT 2059 

Roberts v. Birang et al. 
Interference 104,424 



[Constitution] 

A bonded wafer (1 1) is adhered on a transparent mounting plate (3) with a transparent 
wax and a polishing pad (1) made of a transparent material. Laser light, oscillated [TN: 
literal translation, I think this means "generated". Hereafter "generated" is used.] by a 
laser oscillator [TN: literal translation] (4), is converted to light of a wavelength equal to 
the thickness required for the element forming layer of the above described bonded wafer 
(11) and [the light] strikes the bonded wafer (1 1) at an angle (9) of total reflection 
through the above described polishing pad (1) and a slurry having a higher refractive 
index than the refractive index of the bonded wafer (11). When the SOI wafer of the 
bonded wafer (11) becomes the desired thickness, the light transmits, so polishing 
continues until a light detector (6) detects the transmitted light. 

(Claims] 

[Claim 1] 

A method of polishing bonded wafers characterized in that: light of a wavelength, equal 
to the specified thickness of a wafer to be polished, strikes a wafer to be polished at the 
angle of total reflection and when the light transmits the above described wafer to be 
polished, [polishing is terminated]; or light of a wavelength, equal to the specified 
thickness of a wafer to be polished, strikes the wafer to be polished at a polarizing angle 
and when the above described polarized light passes through a polarizer placed so as to 
block polarized light reflected from the above described wafer to be polished, polishing is 
terminated. 

[Claim 2] 

A method of polishing bonded wafers described in Claim 1 characterized in that: a 
mounting plate of a wafer polishing machine is made of a transparent material; a bonded 
wafer is adhered to the above described mounting plate using a wax; slurry, having a 
higher refractive index than the refractive index of the wafer to be polished, is injected 
between the polishing pad and the bonded wafer; light of a wavelength, equal to the 
thickness required for an element forming layer of the above described bonded wafer, 
strikes at an angle of total reflection, the bonded wafer, and; when a light detector, placed 
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below the above described mounting plate, detects the transmitted light that struck the 
bonded wafer, a series of controls is performed to terminate polishing the bonded wafer. 



[Claim 3] 

A method of polishing bonded wafers described in Claim 1 characterized in that: a 
mounting plate of a wafer polishing machine is made of a transparent material; a bonded 
wafer is adhered to the above described mounting plate using a transparent wax; light of 
a wavelength, equal to the thickness required for an element forming layer of the above 
bonded wafer, strikes at a polarizing angle the wafer to be polished from below the 
mounting plate, and; when the light passes through a polarizer, placed in a direction 
perpendicular to the polarized plane of the polarized light reflected from the wafer to be 
polished, this is detected and a series of controls is performed to terminate polishing the 
bonded wafer. 

[Detailed Description of the Invention] 
[00011 [Industrial Field of Application] 

The present invention relates to a method of polishing bonded wafers to realize the 
required thickness for an element forming layer during the polishing process of bonded 
wafers. 

[0002] [Prior Art] 

A bonded wafer, obtained by bonding two Si wafers having an insulation layer in 
between using direct bonding technology (bonding technology), has been getting 
attention as a means to realize a high pressure resistant IC, high speed and high 
reliability. The above described bonded wafer is made in such a way that of two Si 
wafers, the surface of the top Si wafer is oxidized to form a Si0 2 oxide film. This top Si 
wafer, i.e., SOI wafer, and the bottom Si wafer, i.e. base wafer, are cleaned and then are 
bonded at ambient temperature. This is heat-treated at a high temperature of about 
800-1 100°C to completely bond the above described top Si wafer and the bottom Si 
wafer having a Si0 2 oxide film in between. Next, the SOI wafer, on which the Si0 2 
oxide film is formed, is, for example, rough ground and finish ground using a flat surface 
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grinder, and further, the SOI wafer is polished to a thin film of the specified thickness. 
Using this procedure, there is produced a SOI semiconductor substrate having an 
insulation layer, i.e., Si02 oxide film, in between the SOI wafer and the base wafer. 

[00031 

[Problems that the Invention is to Solve] 

It is extremely difficult, by polishing, to remove most of the thickness of one side of the 
bonded wafer, i.e. SOI wafer, which is bonded with the above described polishing 
method, so as to secure a uniform thickness of l|im or less as an element forming layer. 
Especially, variation in the thickness of element forming layers is large and accuracy is 
about ±0.5jim, so the production yield of SOI semiconductor substrates is low. Further, 
work efficiency cannot be improved in a method which measures the thickness of SOI 
wafers by removing bonded wafers from a wafer polishing machine. The present 
invention solves the problems of the prior art. The purpose is to provide a method of 
polishing bonded wafers that permits efficient and highly accurate polishing of a Si layer, 
which is an element forming layer, to the desired thickness during the production process 
of SOI semiconductor substrates. 

[0004] 

[Means to Solve the Problems] 

In order to achieve the above purpose, the method of polishing bonded wafers of the 
present invention is such that: light of a wavelength, equal to the specified thickness of a 
wafer to be polished, strikes the wafer to be polished at an angel of total reflection and 
when the light transmits the above described wafer to be polished, [polishing is 
terminated]; or, light of a wavelength, equal to the specified thickness of a wafer to be 
polished, strikes at a polarizing angle and when the above described polarized light 
passes through a polarizer that is placed to block the polarized light reflected from the 
above described wafer to be polished, polishing is terminated. Specifically, a mounting 
plate of a wafer polishing machine is made of a transparent'material. A bonded wafer is 
adhered with a transparent wax to the above described mounting plate. Between the 
polishing pad and bonded wafer, slurry, having a higher refractive index than the 
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refractive index of the wafer to be polished, is injected. Light of a wavelength, equal to 
the thickness required for the element forming layer of the bonded wafer, strikes at the 
angle of total reflection. When a light detector, placed below the mounting plate, detects 
the transmitted light that struck the bonded wafer, a series of controls is performed to 
terminate polishing of the bonded wafer. Further, as a substitute method of polishing a 
bonded wafer instead of the above method, a mounting plate of a wafer polishing 
machine is made of a transparent material. A bonded wafer is adhered to the above 
described mounting plate using a transparent wax. Light of a wavelength, equal to the 
thickness required for the element forming layer of the above described bonded wafer, 
strikes at a polarizing angle the wafer to be polished from below the mounting plate. 
When the light passes through a polarizer, which is placed in the direction perpendicular 
to the polarized plane of the polarized light reflected from the wafer to be polished, this is 
detected and a series of controls is performed to terminate polishing of the bonded wafer. 

[00051 [Operation] 

The refractive index of the first transparent medium is referred to as nl and the refractive 
index of the second medium is referred to as n2. When nl is greater than n2 and when 
light advances from the first medium to the second medium at an angle of incidence (9) 
so as to be sinG > n2/nl, light totally reflects at that boundary. However, when the 
thickness (t) of the above described second medium becomes equal to the light of 
wavelength (X), a part of the light, which theretofore was totally reflected, transmits the 
second medium. The polishing method as described in Claim 2 utilizes the above 
described phenomenon. Using a slurry, having a higher refractive index than the 
refractive index of the SOI wafer, light of wavelength, equal to the desired thickness 
(tl)of the SOI wafer, is caused to strike the SOI wafer at an angle of total reflection. 
When [the SOI wafer] is polished until the detection of the light that transmits through 
the SOI wafer, the thickness of the SOI wafer becomes the desired thickness (tl). By 
performing such series of controls, the time when the SOI wafer is polished to the desired 
thickness can be known while the bonded wafer is still adhered to the mounting plate, 
and polishing can be terminated at this point. 
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[00061 

Further, when [light] is projected on the medium using an angle of incidence as a 
polarizing angle (Brewster's angle), reflected light becomes polarized light. When a 
polarizer is placed in the direction perpendicular to the polarized plane of the polarized 
light, the above described reflected light cannot pass through the polarizer. However, 
when the thickness (t) of the medium becomes equal to the wavelength (X) of the incident 
light, it [reflected light] passes through the above described polarizer. The polishing 
method as described in Claim 3 utilizes this phenomenon. When light of the wavelength 
equal to the desired SOI wafer thickness (tl) strikes the SOI wafer at a polarizing angle 
and when the light detector detects the light that passed through the polarizer, a series of 
controls is performed to terminate polishing of the bonded wafer. This permits control of 
the SOI wafer thickness while the bonded wafer is still adhered to the mounting plate and 
polishing can be terminated at the time when the desired thickness is achieved. 

[0007] [Working Example) 

Below, working examples of the bonded wafer polishing method of the present invention 
are described with reference to the drawings. 

Figure 1 is an explanatory block diagram of a working example of the bonded wafer 
polishing method as described in Claim 2. Figure 2 is an explanatory drawing showing 
the light reflection and light transmission state. In these figures, a polishing pad (1) of a 
wafer polishing machine is made of a transparent material and is fixed to the end of a 
drive shaft (2a) that rotates and ascends and descends by a pad drive device (2). A 
mounting plate (3) is made of a transparent material, for example, Si0 2 . Above the 
polishing pad (1), a laser oscillator (4) and a wavelength converter (5) are respectively 
placed. Below the mounting plate (3), a light detector (6) is placed. The output wire of 
the light detector (6) is connected to a control device (7). Further, each of the output 
wires from the control device (7) is connected to the above described laser oscillator (4), 
wavelength converter (5), pad drive device (2), a display device (8) and an alarm device 
(9). It is constructed such that laser light, generated from the laser oscillator (4) and 
projected through the wavelength converter (5), moves in accordance with the movement 
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^ of the polishing pad (1) so as to strike the polishing pad (1) and the light detector (6) also 

moves in response to this movement. Slurry (10) used in this polishing operation has a 
higher refractive index (nl) than the refractive index of a single Si crystal (n2=3.42). 

[0008] 

A bonded wafer (1 1) is a SOI substrate in which two single crystal Si wafers are bonded 
having an insulation layer SKD2 in between and the single Si crystal layer is polished 
close to the specified thickness of the element forming layer according to the production 
process of a bonded type SOI substrate that is formed by the direct bonding technology. 
This bonded wafer (1 1) is adhered to the above described mounting plate (3) with a 
transparent wax. After laser light, generated by the laser oscillator (4), is converted by 
the wavelength converter (5) to be ?i=tl where the specified wavelength is (X), i.e., the 
target thickness of the SOI wafer is (tl), the light transmits through the polishing pad (1) 
r and the slurry (10) and strikes the bonded wafer (1 1) at an angle (0) of total reflection . 

As depicted in Figure 2, the light, which transmits the polishing pad (1) and the slurry 

(10) , strikes the top surface of the top Si layer (11a), which comprises the bonded wafer 

(1 1) , at an angle (0) of total reflection. When t is greater than X (t>\), the above 
described incident light totally reflects from the top surface of the top Si layer (1 la), so 
the light detector (6) does not detect the transmitted light and during this time polishing 
by the polishing pad (1) continues. When t is equal to X (t=X) 9 a part of the light, that 
theretofore totally reflected off the top surface of the top Si layer (1 la), transmits through 
the top Si layer (1 la) and it further transmits through the Si0 2 layer (1 lb), the bottom Si 
layer (11c), the wax layer (12) and the mounting plate (3), and goes below the mounting 
plate (3). When the light detector (6) detects this transmitted light, it outputs a signal to 
the control device (7) and the control device (7) sends a command signal to the pad drive 
device (2) to terminate polishing. This causes the polishing pad (1) to go up and also to 
display a polishing termination indication on the display device (8). If any abnormality 
occurs during the above described polishing operation, the control device (7) outputs a 
command signal to the alarm device (9) to cause the alarm device (9) to operate and also 
the drive shaft (2a) of the pad drive device (2) to go up so as to suspend polishing. 
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[0009) 

In this working example, the polishing pad is made of a transparent material and laser 
light is projected onto the bonded wafer through the polishing pad and slurry. However, 
[the invention] is not limited to this. Laser light may be directly projected onto the slurry 
at an angle such that the angle of incidence to the bonded wafer becomes the angle of 
total reflection. In this case, the polishing pad may be made of an opaque material. 

[00101 

Figure 3 is an explanatory block diagram of a working example of the bonded wafer 
polishing method as described in Claim 3. In this figure, the mounting plate (3) of a 
wafer polishing machine is made of transparent material, for example, Si0 2 . Below this 
mounting plate (3), a laser oscillator (4), a wavelength converter (5), a polarizer (12) and 
a light detector (6) are respectively placed. The output wire of the light detector (6) is 
connected to the control device (7). Further, each of the output wires from the control 
device (7) is connected to the above described laser oscillator (4), wavelength converter 
(5), pad drive device (2) that rotates and raises the polishing pad (1) of the wafer 
polishing machine, display device (8) and alarm device (9). The bonded wafer ( 1 1 ) is 
adhered to the mounting plate (3) with a transparent wax. 

[00111 

After laser light, generated by the laser oscillator (4), is converted so as to be X.=t 1 where 
the specified wavelength is (k), i.e., the target thickness of the SOI wafer is (tl), it 
transmits through the mounting plate (3), the transparent wax layer (12), the bottom Si 
layer (11c) of the bonded wafer (1 1) and the Si0 2 layer (1 lb) and strikes the bottom 
surface of the top Si layer (1 la) at a polarizing angle. A part of the incident light is 
reflected from the bottom and top surfaces of the top Si layer (11a) and such reflected 
light becomes polarized light and enters into the polarizer (13) by transmitting through 
each of the above described layers. Here, since the polarizer (13) is placed in the 
direction perpendicular to the polarized plane of the polarized light reflected from the top 
Si layer (1 la), the light detector (6) cannot detect the above described polarized light. 
However, when the thickness (t) of the top Si layer (11a) becomes equal to the above 
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, M described (A,), a part of the polarized light reflected from the top Si layer (11a) enters into 

the light detector (6) passing through the polarizer (13). When the light detector (6) 
detects this transmitted light, it outputs a signal to the control device (7) and then the 
control device (7) sends a command signal to the pad drive device (2) to terminate 
polishing. This causes the polishing pad (1) to ascend and also a polishing termination 
indication is displayed on the display device (8). 

[0012] 

In Claim 3 and this working example, the mounting plate and wax are transparent and 
laser light is projected on the bonded wafer from below the mounting plate. However, 
[the present invention] is not limited to this. It may be such that laser light may be 
projected onto the slurry from above the bonded wafer at an angle such that the angle of 
incidence to the bonded wafer becomes the polarizing angle. 

[0013] 

[Effects of the Invention] 

As described above, according to the present invention, light of a wavelength equal to the 
desired thickness strikes the bonded wafer at the angle of total reflection through the 
slurry having a higher refractive index than the refractive index of the bonded wafer and 
polishing continues until the light that transmitted through the bonded wafer is detected. 
Hence, according to this method, polishing accuracy of SOI semiconductor substrates, for 
which accuracy control was difficult in the past, can be easily improved. Further, in the 
method in which: light of a wavelength equal to the desired thickness strikes the bonded 
wafer at the polarizing angle; the polarizer is placed in a direction in which the reflected 
light does not pass through, and; polishing continues until the light passes through the 
polarizer, the same as above, improvement of polishing accuracy can be easily achieved. 
Furthermore, according to the polishing method of the present invention, whether or not 
the SOI wafer has become the desired thickness can be directly detected in the state 
where the bonded wafer is still on the mounting plate. When the desired thickness is 
achieved, the polishing pad ascends to terminate polishing. This permits improvement of 
efficiency of polishing operation for bonded wafers. 
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[Brief Description of the Drawings] 

[Figure 1] is an explanatory block diagram showing one example of the bonded wafer 
polishing method as described in Claim 2. 

[Figure 2] is an explanatory diagram showing the state of light reflection and light 
transmission in Figure 1 . 

[Figure 3] is an explanatory block diagram showing one example of the bonded wafer 
polishing method as described in Claim 3. 

[Explanation of symbols] 

I polishing pad 

3 mounting plate 

4 laser oscillator 

5 wavelength converter 

6 light detector 

7 control device 
10 slurry 

I I bonded wafer 

12 transparent wax layer 

13 polarizer [TN: in Figure 3, there are two number 12s. "12" above "6" should be 
"13".] 



Figure 1 



mi) 




Figure 2 
X 



CH2] 



e 



ZZZZZZZ&ZZZZZZZCn 




-io 



10 



(5) 



ftM^S - 3 0 9 5 5 S 



[03] 

Figure 3 
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